atric liver transplantation in the world, accounting for about 50% of transplants in children and about 10% of transplants at any age. 1 The disease results from an inflammatory and rapidly fibrosing cholangiopathy that obstructs the lumen of extrahepatic bile ducts and manifests as cholestatic jaundice in the first few weeks after birth. At diagnosis, the primary treatment is a hepatoportoenterostomy (the Kasai procedure), which entails surgical excision of the biliary remnant and creation of bile drainage via a jejunal Roux-en-Y anastomosis to the porta hepatis. Hepatoportoenterostomy results in successful bile drainage in only about half of patients with biliary atresia treated in the United States. 2 Even after successful drainage, most infants experience progression of intrahepatic disease, ultimately requiring liver transplantation for survival. 3 This poor outcome underscores the need for adjunct therapies to improve survival without liver transplantation. Following initial reports of corticosteroids (called steroids hereafter) use following hepatoportoenterostomy or as short-term pulses to reverse cessation of previously achieved bile flow after successful hepatoportoenterostomy, 4, 5 others have reported improved clinical outcomes with postoperative steroid therapy for biliary atresia. [6] [7] [8] [9] [10] [11] [12] [13] [14] The proposed justification for use of steroids was to reduce biliary inflammation and fibrosis and to promote bile flow. These reports were largely retrospective analyses that used historical controls and varying doses and durations of treatment, yet they became the basis for the widespread use of steroids following hepatoportoenterostomy in the United States and in other countries. 11, 15 Moreover, due to their designs, these studies could not address potential adverse consequences of this therapy in young infants with biliary atresia. A recent meta-analysis 16 was unable to determine if steroids improve patient outcomes because of an insufficient number of well-conducted studies. Based on these conflicting reports and safety concerns regarding the use of steroids in infants, we conducted the Steroids in Biliary Atresia Randomized Trial (START) to determine whether the combination of hepatoportoenterostomy with high-dose steroid therapy was superior to hepatoportoenterostomy alone.
Methods

Study Design
START was a randomized multicenter, double-blind, placebocontrolled trial of steroid therapy following hepatoportoenterostomy in infants with biliary atresia conducted at 14 clinical sites in the Childhood Liver Disease Research and Education Network (ChiLDREN) funded by the National Institute of Diabetes and Digestive and Kidney Diseases. Institutional review board approval was obtained at each site and at the data coordinating center; parents or guardians of the children provided written informed consent. Enrollment began in September 2005 and ended in February 2011, with follow-up completed in January 2013.
Patient Population
Infants were recruited if they had biliary atresia and had been enrolled in the ChiLDREN prospective observational database study of cholestasis in infancy (PROBE) and later underwent hepatoportoenterostomy. Inclusion criteria were age of 180 days or younger, serum direct or conjugated bilirubin level of 2 mg/dL or higher and greater than 20% of total bilirubin, postconception age of 36 weeks or older, and weight of 2000 g or greater. Potential participants were excluded from START if they had undergone previous hepatobiliary surgery or had known immunodeficiency, diabetes mellitus, or significant systemic hypertension for age (the complete inclusion and exclusion criteria appear in eTable 1 in Supplement).
Study Intervention and Randomization
Eligible participants were randomized with equal probability to a 13-week course of steroid therapy or matching placebo, which was administered in a double-blind manner starting within 72 hours after hepatoportoenterostomy. Participants in the steroids group received intravenous methylprednisolone (4 mg/kg/d for 2 weeks) and oral prednisolone (2 mg/kg/d for 2 weeks) followed by a tapering protocol for prednisolone for 9 weeks (Table 1) . Steroids or placebo were given intravenously for at least 2 postoperative days or until the infant resumed oral or enteral feedings, at which time prednisolone or placebo was given orally for the remainder of the study. Participants in the placebo group received intravenous normal saline or an oral inactive substance that matched the steroid product for appearance and taste. The initial dose was chosen based The data coordinating center generated treatment randomization codes with permuted block sizes of 4 (stratified by site) and provided the central pharmacy with a list of assignments for each study site. Study medications were labeled and put into a kit by the central pharmacy and distributed to study site research pharmacists who were instructed to dispense the kits to participants enrolled sequentially. Routine clinical care guidelines for the postoperative care were established for infants enrolled in PROBE and were followed for all participants in this clinical trial (eTable 2 in Supplement).
Measures
Baseline assessments included the collection of demographic, medical, and surgical history; physical examination; presence of biliary atresia splenic malformation (BASM) syndrome, which could influence the response to hepatoportoenterostomy; laboratory parameters; and anthropometric measurements. Race and ethnicity were self-reported according to categories set by the US Office of Management and Budget and are reported to provide descriptive information on these demographic characteristics. Biochemical and serological tests were performed at the clinical laboratories of the participating centers. The assessments were also performed at 2 weeks after hepatoportoenterostomy; at 1, 2, 3, and 6 months after hepatoportoenterostomy; and at 12, 18, and 24 months of age. Antibody titers in response to routine infant immunizations were collected at 18 months of age.
Study Outcomes
The primary end point was defined as successful bile drainage (measured as the percentage of participants with serum total bilirubin level of <1.5 mg/dL; to convert to μmol/L, multiply by 17.104) with his/her native liver at 6 months after hepatoportoenterostomy. Total bilirubin was determined directly using standard laboratory methods, or calculated by the addition of conjugated plus unconjugated bilirubin. 17 If these values were missing at the 6-month time point in participants with their native liver, successful bile drainage was imputed if the total bilirubin values were less than 1.5 mg/dL at both time points immediately prior to and after the 6-month time point (ie, 3 months posthepatoportoenterostomy and at 12 months of age), and were considered to have unsuccessful bile drainage otherwise. Secondary outcomes included duration of successful bile drainage, survival with native liver at 24 months of age, and the proportion of participants with ascites at 12 and 24 months of age. The duration of successful bile drainage was defined as the time (months) between a participant's first total bilirubin level of less than 1.5 mg/dL and the earlier of next recorded total bilirubin level of 1.5 mg/dL or greater, liver transplantation, or death. Time until loss to follow-up, withdrawn from the study, and completion of the study without experiencing the event were censored. If a participant never achieved successful bile drainage (ie, total bilirubin level ≥1.5 mg/dL for the duration of the study), then duration was set to 0. Unlike other secondary time-to-event end points, the end point for the duration of successful bile drainage began when a participant achieved successful bile drainage instead of the time of hepatoportoenterostomy.
Survival with the native liver was defined as the time from the date of hepatoportoenterostomy to the earlier date when the participant underwent liver transplantation or died (events), was 24 months of age with native liver, withdrew, or was lost to follow-up (censored). The occurrence of ascites was defined as the clinical manifestation of ascites, treatment of ascites, or detection of ascites by sonographic examination.
Safety outcomes included adverse events (total, expected, and unexpected), serious adverse events (defined as death, disability, life-threatening illness, or an event requiring hospitalization), and infectious serious adverse events. The list of a priori expected adverse events appears in eTable 3 in Supplement; each expected adverse event was defined in the START manual of operations. An independent medical monitor reviewed all serious adverse events, providing body system classifications and preparing safety narratives that were reviewed by an independent data and safety monitoring board that was convened quarterly by the National Institute of Diabetes and Digestive and Kidney Diseases to review study conduct, adverse events, and serious adverse events.
Statistical Analysis
Seventy participants per group were calculated to provide 80% power to detect a 25% absolute treatment difference in the primary end point on the basis of a 2-sample test of proportions, with a 2-sided significance level of .05 and allowing for 20% attrition and 2 interim analyses based on the O'BrienFleming spending function. A retrospective study of the level of serum total bilirubin and survival with the native liver in children with biliary atresia treated with hepatoportoenterostomy at the participating centers provided our estimate of 50% for the primary end point in the placebo group. 2 The expectation for steroids to improve the primary outcome to 75% was based on 2 studies published before the initiation of START reporting that the use of corticosteroids after hepatoportoenterostomy was associated with resolution of jaundice in 76% to 79% of patients. 6, 9 Although planned, no formal interim analyses of the primary end point were conducted; therefore, the nominal 2-sided α level used for the final analysis was .05 for the primary end point. All other secondary outcomes were also tested at the 2-sided level of .05, with no adjustment for multiplicity; thus, the interpretation of these tests should be considered exploratory. The primary analysis was based on a modified intentionto-treat approach; all randomized participants who received at least 1 dose of study medication were included. We compared the proportion of participants who had successful bile drainage at 6 months between the steroids and placebo groups, using a generalized linear model based on the binomial distribution with a log link (log-binomial regression), 18 with covariates for treatment group, age at hepatoportoenterostomy, and the presence of BASM syndrome as fixed effects and clinical site as a random effect, providing relative risk (RR) ratios of the treatment effect. The adjusted absolute treatment difference and its corresponding 95% confidence interval based on this model were also calculated in a post hoc analysis. Sensitivity analyses were performed to assess the robustness of our findings (1) using 2 mg/dL instead of 1.5 mg/dL as the threshold for total bilirubin level 2 ; (2) defining successful bile drainage based on any time point during the 6-month posthepatoportoenterostomy period; and (3) using a per-protocol analysis set, excluding participants with major protocol deviations, inadequate study medication exposure, or both (inadequate exposure defined as <80% and >120% of the intended study medications, independent of adverse events). We also conducted a post hoc sensitivity analysis of our imputation method for missing data for the analysis of the primary end point using multiple imputation methods, which assumes that data were missing at random. Missing total bilirubin at 6 months was multiply imputed using a Markov chain Monte Carlo method that assumes multivariate normality. The imputation model included treatment, age at the time of hepatoportoenterostomy, BASM syndrome, site, total bilirubin values at all time points, and baseline levels of alkaline phosphatase and γ-glutamyltransferase. Then the composite primary end point was calculated for each participant in each of the 10 imputed data sets, and each data set was analyzed separately using the same model as that used for the primary analysis. Results were combined to account for both within-and between-imputation variance.
An additional post hoc analysis was performed to address new information on the use of steroids in children younger than 70 days of age at hepatoportoenterostomy. 13 We dichotomized age at the time of hepatoportoenterostomy to younger than 70 days and 70 days or older and added an interaction term (treatment × age at hepatoportoenterostomy) to the model used for the primary end point (replacing age at hepatoportoenterostomy as a continuous variable). We also performed subgroup analyses using separate models for the 2 age categories. Duration of successful bile drainage, survival with the native liver, and other time-to-event outcomes were summarized using Kaplan-Meier methods and tested using Cox proportional hazards models with the same set of covariates as for the primary end point. Prevalence of ascites and other dichotomous efficacy outcomes were analyzed using the same model as used for the primary end point. For dichotomous safety outcomes, the Fisher exact test was used; and for safety outcomes with multiple recurrences per patient, Poisson regression models were used (incorporating an offset for the period of observation from the time of study medication for infectious serious adverse events and no offset for positive blood cultures among infectious serious adverse events). We limited the number of inferential tests because of the large number of potential safety parameters and the expected small incidence of most types of specific adverse events. For continuous safety outcomes, a random-effects model was used to assess the effect of treatment on the safety outcomes over time posthepatoportoenterostomy, with participant as a random effect, treatment and time posthepatoportoenterostomy as fixed effects, and a spatial power correlation structure used to model the correlation among safety outcomes over time for each participant. All analyses were performed using SAS version 9.2 (SAS Institute Inc).
Results
Study Population
There were 257 patients with biliary atresia assessed for eligibility and 141 patients consented to participate in START; 140 participants were randomized, with 70 beginning treatment with steroids and 70 with placebo within 72 hours of hepatoportoenterostomy (1 participant was not randomized because he developed fever and other symptoms postoperatively that raised safety concerns) ( Figure 1) . Patients who consented to the study were comparable with those who did not consent to participate in START with respect to sex, race, ethnicity, and age at the time of hepatoportoenterostomy (eTable 4 in Supplement). There was greater than expected study retention with 92.9% of participants in the steroids group and 88.6% in the placebo group either completing the final visit at 2 years of age, undergoing liver transplantation, or dying.
Demographic and baseline characteristics were comparable between the 2 groups ( Table 3 ). The adjusted absolute risk difference was 8.7% (95% CI, −10.4% to 27.7%), with the upper bound exceeding the a priori minimal clinically important difference of 25%.
Sensitivity analyses of the primary end point support the conclusions of the primary analysis. In a per-protocol analysis of 56 participants in the steroids group and 58 in the placebo group, the percentage of the participants meeting the primary end point was similar between the 2 groups (62.5% with steroids and 51.7% with placebo; RR, 1.14 [95% CI, 0.81-1.61], P = .44). Using multiple imputation methods with 10 imputed data sets, there was no statistically significant difference between treatment groups (RR, 1.14 [95% CI, 0.77-1.51], P = .46).
There was no statistically differential effect of steroids by age at hepatoportoenterostomy when younger than 70 days or when aged 70 days or older (P = .67, eTable 5 in Supplement). In the subgroup analysis of 76 participants younger than 70 days at the time of hepatoportoenterostomy, 71.8% (28/39) in the steroids group and 56.8% (21/37) in the placebo group had good bile drainage at 6 months posthepatoportoenterostomy; however, this difference was not statistically significant (RR, 1.23 [95% CI, 0.79-1.89], P = .36). There was also no statistically significant treatment difference in the 64 older patients.
Secondary End Points
Survival without liver transplantation for participants treated with steroids was nearly identical to those who received placebo, with 58.7% of participants receiving steroids and 59.4% of those receiving placebo surviving with native liver at 2 years of age (adjusted hazard ratio [HR], 1.0 [95% CI, 0.6-1.8], P = .99; Figure 2A ).
Of those participants who achieved successful bile drainage during the study, treatment with steroids did not significantly influence the duration of serum total bilirubin level of less than 1.5 mg/dL throughout the study ( Figure 2B) , with 49.4% of participants in the steroids group and 39.8% in the placebo group with their native liver having successful bile drainage at 2 years of age (adjusted HR, 0.8 [95% CI, 0.5-1.2], P = .29). Furthermore, comparison of serum total bilirubin levels at earlier time points and greater than 6 months after hepatoportoenterostomy (time of the primary end point) showed no statistically significant differences between the steroids and placebo groups (eFigure 1 in Supplement).
The prevalence of ascites did not differ statistically between the 2 treatment groups. At 12 months of age, ascites was present in 9.6% (5/52) of the steroids group and 6.4% (3/47) of the placebo group (adjusted RR, 1.40 [95% CI, 0.62-3.14], P = .41), and in 2.4% (1/42) and 7.0% (3/43), respectively, at 24 months of age (adjusted RR, 0.30 [95% CI, 0.03-2.92], P = .29; Table 3 ).
Safety
Premature discontinuation of steroids due to adverse events was uncommon (5 participants; 7.1%) and similar to placebo (2 did not receive at least 80% and 1 discontinued after receiving >80% for a total of 3 participants [4.3%] discontinuing placebo; P = .72). In contrast, serious adverse events were common in both treatment groups (81.4% [57/70] for steroids vs 80.0% [56/70] for placebo; P > .99), as were unexpected and expected adverse events ( Table 4 and eTables 6 and 7 in Supple- Copyright 2014 American Medical Association. All rights reserved. ment). However, infants treated with steroids experienced their first serious adverse events earlier than those receiving placebo; 37.2% (95% CI, 26.9%-50.0%) of the steroids group experienced a first serious adverse event by 30 days posthepatoportoenterostomy compared with 19.0% (95% CI, 11.5%-30.4%) of the placebo group (P = .008; Figure 3A) . Six participants in the steroids group compared with 1 in the placebo group experienced a surgical serious adverse event (eTable 8 in Supplement). In contrast, during the study period following completion of drug or placebo administration, there were no statistically significant differences in the time to first serious adverse event between the groups (P = .33; Figure 3B ). Vertical tick marks indicate censored observations. Participants were censored at time of earlier withdrawal from the study or at the age of 24 months. a Defined as period when total bilirubin level of less than 1.5 mg/dL achieved for the first time to the first time total bilirubin increased to 1.5 mg/dL or higher, participants underwent liver transplant, or died. Participants that never achieved good bile drainage were considered treatment failures at time 0. Abbreviations: HR, hazard ratio; RR, relative risk. a Good bile drainage defined as serum total bilirubin level of less than 1.5 mg/dL in a participant alive with native liver. b An RR greater than 1 indicates benefit of steroids and a P value for treatment success (good bile drainage) from a log-binomial model with these covariates: treatment group, age of the infant at hepatoportoenterostomy (continuous variable), and biliary atresia splenic malformation (BASM) syndrome as fixed effects and site as a random effect. c An RR greater than 1 indicates benefit of steroids and a P value for components of the primary end point from a log-binomial model with treatment group as a fixed effect and site as a random effect. There were no significant treatment differences in weight (posttreatment mean z score range, −0.4 to −1.7 for steroids group vs 0.1 to −1.2 for placebo group, P = .16) and length (posttreatment mean z score range, −0.6 to −1.3 for steroids group vs −0.3 to −1.0 for placebo group, P = .28) or in the number of infectious serious adverse events (P = .40) during the course Vertical tick marks indicate censored observations. a Defined as the time from initiation of study medication to the earliest first serious adverse event or liver transplantation, exit from the study, or last day taking study medication (censored). Serious adverse events occurred significantly earlier in participants receiving steroids compared with placebo.
b Defined as the time from the end of study medication to the earliest first serious adverse event after completion of study drug or placebo (event) or liver transplantation, or exit from the study (censored).
of the study. An analysis of the occurrence of cholangitis, a known infectious complication following hepatoportoenterostomy, showed similar proportions of participants surviving with their native livers with no cholangitis episodes at 24 months of age (eFigure 2 in Supplement). The proportion of patients with inadequate response to routine childhood immunizations tended to be higher in the steroids group (51.5%) than in the placebo group (38.5%), but was not statistically significant (P = .43; eTable 9 in Supplement).
Discussion
We found that the addition of high-dose steroids following hepatoportoenterostomy did not result in statistically significant differences compared with placebo in the proportion of patients achieving normalization of total serum bilirubin level 6 months posthepatoportoenterostomy, a short-term biomarker of achieving successful bile drainage, 2 although we cannot exclude a small clinical benefit of steroids. We observed no statistically significant differences between the 2 groups in the 2-year survival with the native liver or in the levels of serum total bilirubin after hepatoportoenterostomy at any time point during the duration of the study. Notably, those receiving steroids had a shorter time to the development of serious adverse events while receiving the study drug, raising a potential increase in risks associated with steroid therapy. The results of this trial differ from previous reports of a benefit of steroid therapy on bile drainage, survival in biliary atresia, or both. [6] [7] [8] [9] [10] [11] [12] The only other prospective, randomized placebo-controlled trial, which was published after initiation of this trial, showed no steroid effect in the percentage of participants achieving normal bilirubin levels 14 ; however, that study was of smaller size (73 participants vs 140 participants in our trial), involved fewer centers (2 centers vs 14 centers), used lower doses of steroids (starting at 2 mg/kg/d vs 4 mg/kg/d), and for a shorter duration (4 weeks vs 13 weeks).
14 Despite theoretical benefits of decreasing tissue inflammation and inducing choleresis, [20] [21] [22] the use of high doses of steroids starting within 3 days after hepatoportoenterostomy in our study was associated with only an adjusted absolute treatment difference of 8.7% relative to placebo in the proportion of participants with a serum bilirubin level of less than 1.5 mg/dL at 6 months posthepatoportoenterostomy, which fell short of the a priori 25% absolute increase deemed clinically important based on a previous study using a similar steroid dose after hepatoportoenterostomy. 6 It is possible that the lack of statistical significance resulted from an overestimation of the effect size. However, if the true benefit of steroids is as large as 25%, we cannot exclude a clinical benefit because the 95% upper confidence bound for the absolute treatment difference was 27.7%. We also cannot exclude that steroids could result in clinical harm because the 95% lower confidence bound for the absolute treatment difference was −10.4%. Secondary outcomes did not support any clinical benefit because total bilirubin values over time showed similar bilirubin levels at earlier (1 and 3 months posthepatoportoenterostomy) and later (at 12 months of age) time points; and the overall 2-year survival with native liver was nearly identical in both groups (58.7% for steroids vs 59% for placebo).
A previous report 14 suggested that steroid therapy was associated with a greater reduction in serum bilirubin 1 month after surgery and a higher percentage of children with normal bilirubin levels at 12 months of age among participants younger than 70 days at hepatoportoenterostomy. In a subsequent openlabel trial, these investigators reported that the use of high doses of steroids in the first month postoperatively in participants younger than 70 days was associated with lower serum bilirubin compared with a historical control group and a higher percentage with clearance of jaundice (66% vs 52%), but no improvement in transplant-free survival. 13 This study was limited by small cohort size, an open-label design, and the nature of subgroup analyses. We found no evidence of an effect of high doses of steroids in our appropriately sized cohort, whose average age was 69 days at study enrollment. Additionally, a subgroup analysis focusing on the 76 participants younger than 70 days at the time of hepatoportoenterostomy showed no statistically significant effect of age at the time of surgery on bile drainage between the steroids or placebo groups. Safety concerns regarding the use of steroids in infants derive from their known association with a spectrum of severe adverse events, including immunosuppression and associated risk of infection, poor wound healing, hyperglycemia, gastrointestinal bleeding, poor growth, and inadequate response to routine immunizations. With vigilant monitoring and reporting of adverse events and serious adverse events, both the steroids and placebo groups were found to have a high incidence of adverse events, indicating that they were most likely the direct consequences of the severe liver disease typical of biliary atresia. However, during the active treatment period, steroid therapy was associated with a significantly earlier onset of serious adverse events, among which were complications at the sites of surgical anastomoses and intestinal perforation. These findings differ from previous reports of no adverse events associated with steroid use in children with biliary atresia after hepatoportoenterostomy, [7] [8] [9] 12, 14 and raise safety concerns for use of these drugs following surgery. A limitation of this study is the inclusion of participants undergoing surgical and medical treatments in different centers, which introduces a potential influence of the experience of the care team and variation in the surgical procedure on clinical outcome. Previous reports have suggested that the experience of the center influences the outcome of hepatoportoenterostomy, with better biliary drainage and transplant-free survival in centers performing higher numbers of this procedure. [23] [24] [25] Other studies have not found a relationship between the annual caseload of a center and improved outcome. 26, 27 Whether differences relate to experience with hepatoportoenterostomy or a general expertise in complex hepatobiliary surgery and management of severe liver disease in children is not known. To minimize this center effect, all participating sites followed the same postoperative protocol. In addition, we randomized treatments by site and ac- 
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